INTRODUCTION
A large part of the world population of the Blacktailed Godwit Limosa limosa limosa breeds in The Netherlands. Reports of a substantial decline in national numbers of breeding pairs are therefore reasons for concern (SOVON 2002 , Teunissen & Soldaat 2006 . The Black-tailed Godwit mainly breeds in agricultural grasslands and is therefore sensitive to changes in agricultural practices (Beintema et al. 1991 , Kruk et al. 1996 , Kruk et al. 1997 , Kleijn & van Zuijlen 2004 , Klok et al. 2006 , Schekkerman & Beintema 2007 .
Substantial numbers of Black-tailed Godwit chicks and adults have been ringed annually for the last forty years. Together with reasonable numbers of dead birds being reported, these data allow us to calculate annual survival rates of young and Survival rates of Black-tailed Godwits Limosa limosa breeding in The Netherlands estimated from ring recoveries van The Netherlands holds internationally important numbers of Blacktailed Godwits Limosa limosa, and reports of a substantial population decline have prompted concern. One way of narrowing the list of possible causes of this decline is to identify the demographic processes responsible. For this reason, we conducted a survival analysis for the period 1960 to 2000 based on dead recoveries of godwits. Although declining sample sizes and falling reporting rates reduced the precision of estimates in later years, we concluded that adult survival had dropped significantly in the late 1990s from 0.77 to 0.40. Data were too sparse to estimate juvenile survival in this period. Apart from this sharp drop, we found no evidence of long-term trends in either first-year or adult survival. We found no evidence for effects on survival estimates of shifts in the spatial distribution of recoveries or in the reported causes of death. These large-scale analyses of birds recovered dead complement more intensive mark-resighting studies at individual sites. Given the falling reporting rates of dead birds and consequent loss of precision of survival estimates, intensive mark-resighting programmes have an increasingly important role to play in the study of survival rates.
old birds and to detect any changes in these parameters over time. In this study we aim to supplement the results from shorter intensive studies (Kruk et al. 1997 , Groen & Hemerik 2002 with an updated analysis of the broader data. The previous analysis of these data by Beintema & Drost (1986) covered the first part of the decline of the Dutch godwit population. For information about the species and its breeding ecology, we refer to the above mentioned studies. There are a number of important differences between survival analysis based on recoveries of dead birds, such as performed here, and analyses based on recaptures or resightings of live birds. Intensive studies are bound to be limited in space, and thus emigration of individuals cannot be distinguished from mortality. Most reports of dead birds come from abroad and the cause of death is related to hunting. It is therefore likely, but not certain, that the chance of being shot and reported is independent of the breeding locality in The Netherlands. Thus, the survival estimates derived in this study are an average for the ringed population. On the other hand, reports of dead birds are dependent on the willingness of hunters to report rings of shot birds, which may change over time, while shifts in hunting practices would also have a big impact on reporting rate. To counter these potential biases, we explored any heterogeneity in the spatial distribution of the reporting sites.
In a stable population, reproduction and survival are in balance. The consequences of changes in survival for the population size depend strongly on the life history. In order to give an indication of the consequences of the survival rates reported in this study, a simple population matrix model is used to calculate the required number of chicks to be produced per pair per year for a stable population.
First, we analyse the spatio-temporal structure of all ringing and recovery data of the Black-tailed Godwit deployed with rings of the Dutch ringing scheme (Netherlands, Arnhem; NLA). Subsequently, we apply standard survival estimation, with particular attention for the question whether we have sufficient data to document variation in survival rates. Finally, we discuss the implications of the results for collecting data for an adequate monitoring.
METHODS
Data came from the ringing scheme of the Dutch Centre for Avian Migration and Demography. All recovery, recapture and ringing data of Blacktailed Godwits with Arnhem rings were provided in the standard EURING format (van Noordwijk et al. 2003) . Ringing data have been computerised back to 1959. For some of the analyses, all data were used, but for the main analysis of survival rates data from 1960 to 2000 inclusive were used. Moreover, only recovery reports of birds reported as dead, but unknown how long precisely (n = 164) or freshly dead (n = 757) were used. Ring reports without reference to the bird or of birds of completely unknown status (n = 132) or long dead (n = 69) were excluded. The latter category contained several records where the reporting date exceeded the recorded maximum age by many years and many of the reports were considered suspect. For the same reason, reports where a different species (n = 59) was reported were excluded.
Data selections and counts were made in a spreadsheet and survival analyses were performed with the computer programme MARK version 3.01 (White & Burnham 1999) . Years were defined as 12-month periods from the date of ringing. This means that survival estimates refer to the period from one breeding season to the next, because all birds were ringed in the breeding season or shortly thereafter. The base model consisted of 41 periods; annual survival S a and reporting rates R a were set equal for all age classes, except for the first year of birds ringed as unfledged chicks, for which a separate survival rate S j and a separate reporting rate R j were tested. There were not sufficient data to estimate a separate survival rate for the second year as well. It was not possible to get independent estimates for all parameters. For each of the parameters and for various combinations of parameters, linear or quadratic regressions on year were fitted. Nomenclature follows standard practice (Lebreton et al. 1992) . Three types of estimates were used: constant over time, denoted by '.', as a linear regression on time, denoted by 'T', and variable over time, denoted by 't'. Thus, the first-year (=juvenile) survival estimates were for the period of exactly one year after ringing of the chicks. This implies that any changes in reproductive rates up to the moment chicks were ringed were not included in the analysis. In principle, one could analyse the brood size at ringing, but the quality of these data was too heterogeneous for any firm conclusions. Thus, there were 164 parameters in the base model. We used standard models for analyses (logit link functions and variance estimation based on the Hessian). Although estimates of overdispersion differed slightly between models, the same correction factor (c-hat = 2.3) was used throughout. The major power of modern software lies in the fitting of different models to the data and subsequent tests which model fits the data best. The general logic is to choose the simplest model, unless a more complicated model fits the data better (Anderson & Burnham 1999) . Model selection was based on the adjusted Akaike Information Criterion and on likelihood ratio tests between the best fitting models (Anderson & Burnham 1999) .
One of the major assumptions underlying survival models is that all individuals have the same chance of dying and of being found and reported when they are dead. It was therefore important to scrutinise the data for potential violations of this assumption. In particular, we analysed the geographic distribution of where birds were ringed by province in The Netherlands.
Population model
In the Discussion, the consequences of adult and juvenile survival rates on the population structure are explored based on a simple Leslie-matrix model written in a spreadsheet programme. At each time step, numbers of individuals in each age class were rounded to integers after adding a uniformly distributed random variable between -0.5 and 0.5 to avoid biases with low numbers (without this procedure 2 individuals with survival of, for example, 0.76 remain two individuals for ever). The reproductive rate leading to a population growth rate of 1.0 (=stable population size) was calculated for the survival rates observed and for different reproductive scenarios.
RESULTS

Data heterogeneity
The total number of Black-tailed Godwits ringed in The Netherlands grew to a level of about 1000 per year in the 1960s and declined strongly in the early 1990s (Fig. 1) . The numbers of birds reported dead followed the annual fluctuations in numbers ringed, while declining at the same time. Thus, over the study period the proportion recovered dropped from 4% to 1% (Table 1) . Only for the last few years this might have been due to the fact that a substantial number of individuals was still alive. Whereas the distribution of nestlings ringed per decade was remarkably constant, the adults ringed in the first decades came largely from one single province (Fig. 2 ). This could have been a problem in reporting rate heterogeneity if reports came from within The Netherlands. However, the majority of reports on dead adults came from abroad which makes a major bias less likely. The geographic distribution of the reports is given in two ways: by country ( Fig. 3) and by distance between the site of ringing and the site of recovery (Fig. 4) . In both cases, the distribution is relatively constant over time, with an increase in reports from Senegal and Guinea Bissau (at 4500 km) in the last two decades and an almost complete disappearance of reports from Italy, Morocco and southern Spain (2000 km) in the 1990s. In the 1990s the proportion of reports from The Netherlands has increased. This mainly concerns a relative increase in proportion of birds found dead as 1960-69 1970-79 1980-89 >1990 1960-69 1970-79 1980- chicks, due to a decrease in reports of old birds. The proportion of recoveries at 2000 km has declined strongly (Fig 4) . In contrast, the recoveries at around 1000 km (southern France and northern Spain) and around 4500 km were similar in proportion.
The reported causes of death should be treated with some caution, but in broad categories they seem reasonably constant over time, although the category shot/hunted has declined over the last two decades (Fig. 5) . Localities differed considerably in the reported cause of death (Fig. 6) . Nearly all foreign recoveries reported shot or hunted as cause of death and nearly all other causes of death were reported from The Netherlands. Within the Dutch data, there are no clear changes in proportion of reports referring to traffic, wires or predation as presumed cause of death. Table 2 reports the best ten survival models, on the basis of the AIC. Model 1) with constant juvenile survival and constant adult survival and reporting rates as linear regressions on time is the preferred model. However, the AICs of the subsequent three models differ by less than 2 from the preferred model, which means no 'significant' differences exist (Anderson & Burnham 1999) . We discuss therefore the common features of all models that fit the data more or less equivalently.
Survival analysis
Several features are noteworthy. All models with a separate reporting rate for first-year birds fit much better than models with a reporting rate distance between sites of ringing and finding 1950-59 1960-69 1970-79 1980-89 >1990 Figure 4. Location of recoveries at >250 km from site of ringing by distance between site of ringing and recovery. Proportions recovered at distances of 4500-5000 km increase over time (mainly in Guinea Bissau and Senegal, see Fig. 3 ), whereas proportions decrease at 2000 km (southern Spain and Morocco) after 1990.
combined for juveniles and adults (not given). Second, models where adult survival, juvenile survival and juvenile reporting rate are either constant or a linear function of time are very similar. Neither on the basis of AIC (Table 2) , nor on the basis of likelihood tests (Online appendix 1) can these models be distinguished. In contrast, assuming a constant reporting rate for adults caused a worse model in all combinations (Table 2 ). In fact, the estimates for models where the survival estimates were regressions on time, showed a slight increase in both adult and juvenile survival, while the estimates for the reporting rates were similar (Table 3) . Producing separate estimates for adult and/or juvenile survival for each year did not improve the fit of the model (Table 2) and there were no obvious trends in the estimates (Fig. 7 , Online appendix 2), even though there was considerable annual variation in the estimates. The striking feature of separate reporting rates for first-year birds was that the reporting rate for juveniles was almost constant, whereas the reporting rate for adults showed a strong decline from almost 9% around 1960 to 1% in 2000. There is, of course, a substantial risk that such a strong drop in reporting rate goes together with heterogeneity in the data. However, the geographic distribution of the recoveries was constant and did not show major changes, except for the disappearance of reports from Southern Spain and Morocco in the last decade (Fig. 3) .
Survival in recent years
Although the best fitting models resulted in either constant adult survival or adult survival that increased slightly over time, the separate estimates for individual years resulted in a number of very Parameter subscripts: j = juvenile, a = adult, . = constant, T = Trend, linear regression on year, t = separate estimates for each year. Table 2 . Summary statistics of the ten most important models for survival estimation. C-hat was estimated at 2.30. NP = number of parameters.
low estimates in the last years of the study period. To investigate whether there were real indications for a low adult survival, years were grouped into five-year periods to achieve larger sample sizes per period. In the first seven periods, adult survival estimates varied between 0.74 and 0.80 with standard errors between 0.01 and 0.025 (Table 4 ). In contrast, the estimate for the last period (1995) (1996) (1997) (1998) (1999) (2000) was much lower at 0.40 ± 0.012. Nevertheless, the fit of this model with eight periods to the data was not significantly better than a model with a constant survival. There are two reasons for this apparent contradiction. First, there is the general problem that towards the end of the study, some of the birds are still alive and thus information about their survival is still 'in the air'. Second, the numbers ringed are much lower in the last ten years and together with the strong reduction in reporting rate, the small numbers will lead to a low weight of the data from this last period in the overall regression models. The estimate for adult survival in the last 5-year period is based on only 21 records. The decline in reporting rates is a general phenomenon that has also been noted elsewhere (Baillie 2001) . Even though it appeared not possible to demonstrate annual fluctuations in survival rates, the best estimates show a number of features that can be checked against independent evidence. Groen & Hemerik (2002) performed a detailed study on one specific population for four years. They report adult return rates for three years, which are very close to our survival estimates for the same years (Table 5 ). Their return rates would approach true survival if resighting probability and breeding site fidelity were 100% in their study, which is not an unlikely assumption. Estimates for juvenile survival are more difficult to compare due to the generally high natal dispersal in waders. Indeed, it is noticeable that the return rates estimated by Groen & Hemerik are lower than our estimates of juvenile survival (Table 5) .
Our survival estimates are based on when birds were reported dead and thus on the age distribution. This makes these estimates relatively insensitive to dispersal and these estimates are therefore good average values for the population ringed. The distribution of birds ringed over The Netherlands was quite reasonable at the scale of provinces and has been constant over time, at least for chicks ringed. We may thus ask the question which reproductive rate is necessary to maintain a stable population size given the survival rates obtained. The answer to this question depends on the reproductive strategy and specifically on the age at first reproduction. Let us assume that no birds breed when one year old and that all birds breed when three years of age (Table 6) . One would then need between 1.6 and 2.2 chicks per pair per year to have a stable population size depending on the proportion of two-year old birds Table 5 . Comparison of annual estimates in this study with those of Groen & Hemerik (2002) . The age class definitions do not match precisely.
that breed and for an adult survival of 0.77 and a juvenile survival of 0.36. The unit 'chicks per pair' is here measured at the age of ringing, which varies from day of hatching to two weeks after hatching. In practice this means that given an average clutch size of slightly less than 4 eggs (Groen & Hemerik 2002) , the loss of clutches and broods of up to one week should not exceed 50%. When clutches are lost very early in the season these may be replaced and this would increase the tolerance for early clutch loss.
In this very simple model calculation, a reduction of the adult survival to 0.4 for five consecutive years, would lead to a reduction of the breeding population by 92%. Since the actual observed reduction is much smaller (data from SOVON-CBS), the estimates of an adult survival of 0.4 are probably too low. In theory, it is possible that the low adult survival was partially compensated by a higher proportion of young birds breeding, a higher number of chicks at ringing age per pair and/or a higher juvenile survival. The first of these mechanisms would lead to a smaller reduction in breeding pairs than the actual reduction in population size. In order to assess the third of these potential compensatory processes, we have to look at our estimation process in more detail.
The primary quantity that is estimated in our models is always a product of survival rates and a reporting rate. Thus the number of individuals ringed as nestling in year 0 and recovered during year 5 is equal to N j0 *S j0 *S a1 *S a2 *S a3 *S a4 *(1-S a5 ) *R a5 . When S a1 =S a2 =S a3 =S a4 =S a5 this reduces to N j0 *S j0 *(S a ) 4 *(1-S a )*R a5 . Thus, the estimation of adult and juvenile survival are strongly interdependent and one indication that the estimate of 0.4 for adult survival may be too low is that when fitting separate juvenile survival rates for the same periods we obtain relatively high estimates for juvenile survival. Realising how the calculated survival rates are derived also makes it clear that we cannot discriminate between a reduced survival for several years or one single catastrophic year.
In the years following the end of this study, mark-resighting studies of colour-ringed Blacktailed Godwit populations were started in five sites in The Netherlands. Estimates of apparent adult survival from the period 2002-2005 varied between 0.81 and 0.95 (Roodbergen et al. unpubl.) . Although these results were derived from few localities that may or may not be representative for The Netherlands as a whole, they indicate that adult survival has not been low throughout the country in the years after our study ended. They may suggest that the observed reduction of adult survival may have been a temporary event, but a continuation of ringing studies will allow us to draw more firm conclusions.
The strong decrease in reporting rate of adult birds seriously hinders the estimation of survival rates. Given that most reports from abroad resulted from hunting, it is not clear to what extent the decline in reports was due to lower hunting pressure or due to a lower reporting rate of the hunted birds. The observation that recoveries from southern Spain and Morocco became practically absent in the last decade, while recoveries from northern Spain and southern France are still present, makes it more likely that the cause lies in the behaviour of the birds than in human reporting behaviour. It is a fact, however, that reports of birds dying from non-hunting causes abroad are practically non-existent. This implies that recapturing and resighting birds that have been previously ringed will become ever more important in collecting data on survival. At present, the methods used for analysis of live recapture data assume a closed population study within which observation probabilities can be estimated as rates applicable to all individuals. Spatial heterogeneity could in principle be taken into account either by using multistate models (Lebreton et al. 1999) or by using separate observation probabilities per area. However, in multistate models, the number of parameters rapidly becomes too high to be practicable. Only with external independent information or assuming time independence of area specific observation probabilities can these be estimated with any precision. Methods for dealing with such heterogeneity have to be developed further. In the meantime, ringing schemes should continue to promote the collection of resighting and retrap data, since these become more important with the declining reporting rates of dead birds.
Conclusions
Given the conservation issues involved, it is important to formulate precisely what can and what cannot be concluded from these analyses. Any change in reproductive output during the study period is outside the scope of this study. There is no evidence for any changes in survival for the first year after ringing of chicks throughout the study period, but the absence of evidence is no evidence for an absence. Direct estimates of chick survival made by observing individually marked broods suggested that survival of chick between hatching and fledging has declined considerably over the past two decades (Schekkerman et al. in press) . Our analyses suggest that major changes in population trajectory during the 1970s must have been due to changes in breeding success. There are indications, that the adult survival rates have been exceptionally low during the second half of the 1990s. These results apply to the population ringed, which is reasonably distributed over The Netherlands.
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